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SURGICAL RETRACTORS AND CLAMPS WITH DIRECTIONAL GRIPPING FILAMENTS 



5 BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

The present invention relates generally to a surgical clamp for 
occluding a vessel or other tubular structure or for grasping and retaining 
other body tissue, and to a surgical retractor for retracting tissue at a surgical 
10 incision site. More particularly, the invention relates to a surgical clamp or 

surgical retractor which includes resilient filaments that abut against a vessel 
or tissue to resist movement of the vessel or tissue relative to the clamp or 
retractor. 



2. DESCRIPTION OF THE RELATED ART 

15 Instruments for occluding blood vessels during surgery, such as 

conventional metal or rigid surgical clamps or clips, are well known. 
However, such instruments are known to cause trauma to the clamped vessel 
at the clamping site. A number of atraumatic instruments have been 
developed for reducing or eliminating the trauma to a vessel during occlusion 

20 of the vessel U.S. Pat No. 3,993,076 to Fogarty, et al. describes a device 

whereby a vessel is occluded by using a resilient tape to press a vessel 
against a resilient pad. However, this device suffers from the disadvantage 
that it slips easily. For example, the pulsations of an occluded artery can 
tend to force the device off of its clamped position on the occluded artery. 

25 Conventional surgical clamps have also been adapted to include jaw surfaces 

containing resilient members or pads. These devices likewise are prone to 
slipping off of the clamped vessel. This can be especially problematic in 
situations where, due to obstructions, a vessel has been clamped with only the 
distal tips of the clamp jaws. In such situations, the vessel can be especially 

30 prone to slipping in the direction of the distal tips. 
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Other attempts have been made to atraumatically occlude a vessel in a 
secure fashion. U.S. Pat. No. 3,746,002 to Haller describes a vascular clamp 
with resilient gripping members located on the jaws. A plurality of pin 
members are embedded within the gripping members, the pin members of a 
5 length such that when a vessel is clamped between the members, the resilient 

material deflects to accommodate the vessel, exposing the pin members which 
grippingly engage the outer layer of the vessel, thus securing the vessel to the 
gripping member. While the Haller device is less traumatic to a vessel than 
other occlusion devices, it nevertheless has the disadvantage of traumatizing 

10 the outer layer of the vessel. 

U.S. Pat. No. 4,821,719 to Fogarty describes a vascular clamp device 
containing resilient pads with Velcro-like hooks. The hooks interact with the 
external adventitial layer of the vessel forming a cohesive-adhesive 
relationship with the vessel similar to the bonding of Velcro materials. While 

15 this device offers a less traumatic way to occlude a vessel, the cohesive- 

adhesive nature of the bond can result in the removal of some of the 
adventitial layer of the vessel when disengaging the device. 

There is thus a need for a surgical clamp which atraumatically 
occludes vessels while avoiding the disadvantages previously associated with 

20 existing surgical clamps or occlusion devices. 

Likewise, conventional tissue retractors are well known which retract 
tissue at a surgical incision site to provide a surgeon visual and mechanical 
access to the interior of a patient's body. These tissue retractors employ rigid 
gripping members, usually of metal, to grip, retract, and retain all forms of 

25 body tissue, e.g., bone, skin, fat, or muscle, at the incision site. The 

disadvantage of such retractors are two-fold. First, the rigid gripping 
members, due to their rigidity, cause trauma to the retained tissues. Second, 
the gripping members are generally prone to slippage, both laterally, along 
the sides of the incision, and upwardly out of the incision and away from the 

30 patient's body. 
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Thus, there is also a need for a surgical retractor that atraumatically, 
yet securely, retracts and retains tissue at a surgical incision site. 

SUMMARY OF THE INVENTION 
It is an object of the present invention to provide a surgical clamp or 
5 other occlusion device, or a surgical retractor, having a gripping surface and 

an array of resilient filaments extending at acute angles relative to the surface 
for engagement with vessels or tissue. The filaments terminate in free distal 
ends which abut against the engaged vessel or tissue to resist and restrict 
movement of the engaged vessel or tissue in a direction opposed to the 

10 orientation of the filaments. The filaments themselves can also be resiliency 

flexible so as to cushion the engaged vessel or tissue. 

In the case of a surgical clamp according to the present invention, the 
filaments are located on opposing jaws of a surgical clamp. When the jaws 
are moved toward one another to engage a vessel, some of the filaments, 

15 based on their angle of orientation in relation to the vessel, will abut against 

the vessel and impart a resistive force against the vessel along the direction of 
the filament. When the jaws of the surgical clamp are partially or fully 
engaged with the vessel, filaments of the lower jaw push or lever the vessel 
upward toward the upper jaw, while at the same time filaments of the upper 

20 jaw push or lever the vessel downward toward the lower jaw. This levering 

action of the filaments secures against movement of the vessel in a direction 
generally opposed to the orientation of particular filaments. 

In one embodiment of the invention, the filaments can extend directly 
from the surface, which itself can be resiliently flexible. In this embodiment, 

25 when the jaws are moved toward one another to engage a vessel, some of the 

filaments, based on their angle of orientation in relation to the vessel, will be 
pressed flat against the surface which will itself deflect to accommodate the 
vessel in atraumatic fashion. In an alternative embodiment, the filaments can 
extend from along the sides of the resilient surface and the distal ends of the 

30 filaments can terminate at positions even with, above, or below the level of 
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the surface. In this embodiment, the surface can deflect to atraumatically 
engage the vessel while the filaments are likewise engaging the vessel and 
resisting movement of the vessel in a direction opposed to the orientation of 
the filaments. Where the distal ends of the filaments terminate at a position 
5 below the level of the surface, the surface will deflect to a position where 

both the surface and the filaments will engage the vessel. 

In another embodiment of the invention, the filaments can be oriented 
as discussed above to resist movement of the vessel in the direction of the 
distal ends of the surgical clamp jaws. Such an orientation is especially 

10 advantageous where, due to obstructions, a surgeon can only access and 

clamp a vessel with the distal tips of the surgical clamp jaws. With a 
conventional clamp, the vessel can slip from the clamp in the direction of the 
distal tips. In the above embodiment of the present invention, however, 
slippage of the vessel will favor the direction back toward the proximal ends 

15 of the surgical clamp jaws, thereby retaining the vessel in a clamped 

condition. 

In another embodiment of the invention, the filaments of the upper 
and lower jaws of the surgical clamp are oriented to resist movement of a 
clamped vessel towards either the distal or the proximal ends of the jaws. 

20 The filaments can also be oriented to resist movement of a clamped vessel in 

a direction perpendicular to the jaws. 

A surgical retractor according to the present invention likewise uses 
resilient surfaces with resilient filaments that engage and retract tissue. When 
the resilient member, or base member, containing the resilient filaments 

25 engages tissue at an incision site, the tips of some of the filaments, again 

based on the angle of orientation of these filaments in relation to the tissue 
being retracted, will abut against the tissue and impart a resistive force 
against the tissue along the direction of the filament. In one embodiment of 
the invention, the filaments can be oriented to resist movement of the 

30 retracted tissue relative to the base member in a lateral direction along the 
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sides of the incision and in an upwardly direction away from the patient's 
body. 

It is a further object of the present invention to provide attachable 
pads or members for a surgical clamp or other occlusion device, or a surgical 
retractor, that contain gripping surfaces and arrays of filaments extending at 
acute angles relative to the surfaces for engagement with vessels or tissue. 
Again, these filaments are such that when the particular device is engaged 
with a vessel or other tissue, the filaments abut against the vessel or tissue to 
resist and restrict movement of the vessel or tissue in a direction opposed to 
the orientation of the filaments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a surgical clamp according to the 
present invention in a position to engage a vessel; 

FIG. 2 is a perspective view of the surgical clamp of FIG. 1 engaged 
with and occluding a vessel; 

FIG. 3 is a perspective view of a surgical clamp pad capable of 
attachment to the jaw of a surgical clamp, with a surface containing resilient 
filaments according to the present invention; 

FIG. 4 is an enlarged perspective view of the surgical clamp pad of 
FIG 3, with parts broken away; 

FIG. 5 is an end view of the surgical clamp pad of FIG 3; 

FIG. 6 is a side view of opposed jaws of a surgical clamp with 
attached clamp pads of FIG. 3 which include opposed surfaces containing 
resilient filaments, positioned to engage a vessel; 

FIG. 7 is a side view according to FIG. 6 where the opposed surfaces 
containing resilient filaments have engaged the vessel, and the vessel is 
partially occluded; 

FIG. 8 is a side view according to FIG. 7 where the opposed surfaces 
containing resilient filaments have fully engaged the vessel and the vessel is 
occluded; 
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FIG. 9A is an enlarged side view of FIG. 8 showing the resilient 
filaments of the lower opposed surface engaged with the vessel in greater 
detail; 

FIG. 9B is an enlarged side view similar to FIG. 9A showing the 
5 resilient filaments of the upper opposed surface in a different orientation; 

FIG. 10 is a top view of a pad constructed according to the present 
invention having a different arrangement of resilient filaments, with part of 
the pad broken away; 

FIG. 11 is a side view of the FIG. 10 pad; 
10 FIG. 12 is an end view of the FIG. 10 pad; 

FIG. 13 is top view similar to FIG. 10 of a pad constructed according 
to the present invention having yet another arrangement of resilient filaments, 
with part of the pad broken away; 

FIG. 14 is a side view of the FIG. 13 pad; 
15 FIG. 15 is an end view of the FIG. 13 pad; 

FIG. 16 is a perspective view of a surgical clamp pad according to the 
present invention with resilient filaments extending from along the sides of 
the pad; 

FIG. 17 is a side view of the FIG. 16 pad; 
20 FIG. 18A is a cross-sectional view of the pad shown in FIG. 17 taken 

along line 18A-18A of FIG. 17; 

FIGS. 18B-18D are cross-sectional views of pads according to the 
present invention showing different configurations of resilient filaments; 
FIG. 19 is a side view of opposed jaws of a surgical clamp with 
25 attached clamp pads of FIG. 16 which include opposed surfaces and resilient 

filaments, and where the surfaces and filaments have engaged the vessel and 
the vessel is partially occluded; 

FIG. 20 is a perspective view of a surgical clamp pad with resilient 
filaments according to the present invention; 
30 FIG. 21 is a side view of the FIG. 20 pad; 



WO 99/30623 



PC17US98/26765 



-7- 

FIG. 22 is a cross-sectional view of the pad shown in FIG. 21 taken 
along line 22-22 of FIG. 21; 

FIG. 23 is a side view of opposed jaws of a surgical clamp with 
attached clamp pads of FIG. 20 which include opposed surfaces and resilient 
filaments, and where the surfaces and filaments have engaged the vessel and 
the vessel is partially occluded; 

FIG. 24 is an exploded perspective view illustrating resilient filaments 
according to the present invention secured along individual spines; 

FIG. 25 is a perspective view illustrating the resilient filaments and 
spines of FIG. 24 in an assembled nested condition; 

FIG. 26 is a perspective view illustrating the assembled resilient 
filaments and spines of FIG. 25 embedded in a resilient cushion; 

FIG. 27 is a top view of a pad constructed according to the present 
invention having yet another arrangement of resilient filaments, with parts of 
the pad broken away; 

FIG. 28 is a perspective view of the pad shown in FIG. 29; 

FIG. 29 is a perspective view of a surgical retractor according to the 
present invention positioned above a surgical incision site; 

FIG. 30 is a side view of a base member of the surgical retractor 
shown in FIG. 29; 

FIG. 31 is a cross-sectional view of the base member shown in 
FIG. 30, taken on line 31-31 of FIG. 30; 

FIGS. 32A-32E are side views illustrating different configurations of 
resilient filaments which may be used in the present invention; 

FIGS. 33A-33E are end views of the resilient filaments of FIGS. 32A- 
32E, respectively. 

DETAILED DESCRIPTION OF THE INVENTION 
FIG. 1 is a surgical clamp comprising a pair of opposed jaws 22 and 
24 and handles 10 and 12 hinged together by pin 14. The handles 10 and 12 
terminate in finger and thumb rings 2 and 4 which provide for manual 
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operation of the jaws by a surgeon. Interlocking pawl 6 and ratchet teeth 8 
are provided on handles 10 and 12, respectively, to secure jaws 22 and 24 in 
an adjusted clamped position with a vessel V. In FIG. 1, opposed jaws 22 
and 24 are positioned to engage vessel V. The opposed jaws 22 and 24 
5 include opposed pads 32, 32 attached to members 30, 30 which are in turn 

detachably secured to opposed jaws 22 and 24. 

FIG. 2 shows the surgical clamp with opposed jaws 22 and 24 in an 
adjusted clamped position. The opposed pads 32, 32 clamp vessel V, thereby 
causing occlusion of vessel V. Interlocking ratchet teeth 8 are engaged with 

10 interlocking pawl 6 to secure the opposed jaws in the clamped position. 

An embodiment of the pad 32 and attaching member 30, is depicted in 
FIGS. 3 and 4. The pad 32 includes resilient filaments 40 for resisting 
movement of an occluded vessel relative to the pad 32. As FIGS. 3 and 4 
depict, the resilient filaments 40 extend from the pad 32 at acute angles 

15 relative to the surface of the pad 32. Any acute angle relative to the surface 

will operate to resist relative movement of an occluded vessel. The preferred 
angle is 45 degrees relative to the surface. 

The resilient filaments 40 are comprised of a durable yet flexible 
material, such as nylon or polyester. The filaments cannot be so rigid that 

20 they puncture the occluded vessel, but they must be of a strength and 

resiliency such that they resist a force in a direction opposed to the 
orientation of the filaments. The effective length of the filaments will depend 
on the length to diameter ratio of the filaments. Filaments that are too short 
and wide and too rigid may puncture the vessel, whereas filaments too long 

25 and narrow may fold over upon themselves when a force is applied and will 

be unable to restrict relative movement of the vessel. The preferred length of 
the filaments is 0.030 to 0.075 inches, most preferably 0.060 inches. The 
preferred diameter of the filaments is 0.005 to 0.012 inches, preferably 0.007 
inches. Wider filaments may be used, provided they are sufficiently flexible. 

30 The ends or tips of the filaments themselves can comprise a variety of 

shapes, as depicted in FIGS. 24 and 25. For example, filament 101 has a 
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rounded tip, filament 102 has an angled-cut tip, filament 103 has a blunt-cut 
tip, filament 104 has a pointed tip, and filament 105 has a semi-rounded tip. 
Also, the filaments can be cylindrical 101-103, semi-cylindrical 105, or 
contain three sides 104 or more. The preferred filament is cylindrical with a 
5 rounded tip, as exemplified by filament 101. The pad 32 is itself comprised 

of a resilient material, preferably silicone. The most preferred composition of 
the pad 32 is two part silicone of less than a 20 durometer, liquid injection 
moldable (GE 6040) or a silicone foam such as GE RTF762. 

Member 30 provides a rigid backing for pad 32 and means for 
10 attachment of pad 32 to opposed jaws 22 and 24. As depicted in FIGS. 5 

and 6, a means for attaching pad 32 to an opposed jaw 22 or 24 can comprise 
a pair of protrusions 52 on member 30 detachably coupled to recesses 50 on 
the jaw. 

The operation of one embodiment of the invention is depicted in 

15 FIGS. 6, 7 and 8. FIG. 6 illustrates upper and lower jaws 22 and 24, 

opposed members 30, 30, and opposed pads 32, 32 with resilient filaments 40 
in a position to engage and occlude vessel V. FIG. 7 illustrates the above 
components in partial engagement with vessel V. As depicted in FIG. 7, the 
resilient members 32, 32 have deflected to accommodate the shape of vessel 

20 V, thereby minimizing trauma to vessel V. FIG. 8 shows the above 

components in complete engagement with vessel V causing occlusion of 
vessel V. Some of the resilient filaments have been pressed flat along the 
resilient members 32, 32 due to the angle at which the vessel V engages 
those filaments. Other resilient filaments remain generally oriented along an 

25 acute angle relative to the pads 32, 32 and abut vessel V. The abutment of 

some of the resilient filaments against the vessel V creates a resistive force 
against movement of the vessel V in a direction opposed to the orientation of 
the abutting filament or filaments. This resistive force assists in securing 
vessel V against movement relative to pads 32, 32 and opposed jaws 22 and 

30 24. 
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In the embodiment illustrated in FIGS. 8 and 9 A, the resilient 
filaments 40 are oriented such that the filaments on the lower pad 32 that 
abut vessel V will impart a resistive force upward, thereby pushing or 
levering the vessel V upward into the upper pad 32 in a direction along the 
5 general direction of orientation of resilient filaments. The resilient filaments 

on the upper pad 32 that abut the vessel V will impart a downward resistive 
force along the general direction of orientation of those particular resilient 
filaments. In combination, the embodiment as shown in FIG. 8 will resist 
movement of the occluded vessel V in one lateral direction relative to the 

10 opposed jaws 22 and 24 while permitting lateral movement of the occluded 

vessel V in the opposite lateral direction relative to the opposed jaws 22 and 
24. In the preferred embodiment, lateral movement of the occluded vessel V 
will be restricted toward the distal ends of the opposed jaws 22 and 24. 

In another embodiment, as depicted in FIG. 9B, the orientation of the 

15 resilient filaments of the upper opposed pad 32 can be reversed from that of 

FIG. 8 such that the resistive force resulting from the filaments on one jaw 
abutting the vessel restricts lateral movement of the vessel V in one lateral 
direction relative to opposed pads 32, 32, while the resistive force resulting 
from the filaments on the other jaw abutting the vessel restricts lateral 

20 movement of the vessel V in the opposite lateral direction relative to opposed 

pads 32, 32. 

The resilient filaments can be arranged in one or more rows, and 
oriented in one or more directions. FIGS. 10-12 depict an embodiment of a 
particular arrangement of resilient filaments 43-45 extending from the pad 32 

25 arranged in three distinct rows and oriented in three separate directions. The 

surface of pad 32 defines a plane (surface plane) containing two axes, an axis 
X running the length of the pad (longitudinal axis), and an axis Y oriented 
perpendicular to axis X (perpendicular axis). A third axis Z intersects the 
plane in an orientation normal to the plane (normal axis). In this 

30 embodiment, one row of resilient filaments, comprised of resilient filaments 

44, is arranged in a row along longitudinal axis X, and the filaments of this 
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row are oriented at an acute angle C from the surface of the pad 32 in a 
plane defined by longitudinal axis X and normal axis Z, and at an angle D 
from the surface in a plane defined by perpendicular axis Y and normal axis 
Z. A second row of resilient filaments, comprised of filaments 43, is 
5 arranged along an axis parallel to longitudinal axis X, and the filaments of 

this row are oriented at an angle Al from longitudinal axis X in the surface 
plane, at an angle B from the surface of the pad 32 in a plane defined by 
longitudinal axis X and normal axis Z, and at an acute angle El from the 
surface in a plane defined by perpendicular axis Y and normal axis Z. A 

10 third set of resilient filaments, comprised of filaments 45, is likewise arranged 

along an axis parallel to longitudinal axis X, and the filaments of this row are 
oriented at an angle A2 from longitudinal axis X in the surface plane, and in 
a direction generally opposed to the direction of the filaments of the second 
row with respect to this plane, at an angle B from the surface of the pad 32 

15 in a plane defined by longitudinal axis X and normal axis Z, and at an acute 

angle E2 from the surface in a plane defined by perpendicular axis Y and 
normal axis Z. This arrangement of resilient filaments, when engaged with a 
vessel, will resist movement of the vessel relative to the pad 32 in either 
direction along perpendicular axis Y, and will also resist movement of the 

20 vessel relative to the pad 32 in one of two directions along longitudinal axis 

X. 

In the preferred embodiment, the angles Al, A2, B and D are 
approximately 90 degrees while the angles C, El and E2 are between 30 to 
60 degrees, most preferably approximately 45 degrees. The number of 

25 resilient filaments per row can be between 8 and 32, and is preferably 16. 

Also, it is preferable, though not necessary, that the filaments terminate at the 
same height L relative to the surface of the pad 32. 

An alternative arrangement of filaments is depicted in FIGS. 13-15. 
In this embodiment, resilient filaments extending from pad 32 (having a 

30 surface plane and longitudinal, perpendicular, and normal axes, X, Y and Z, 

as described above for FIGS. 10-12) are arranged in two distinct rows and 
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are oriented in two separate directions. A first row of resilient filaments, 
comprised of resilient filaments 46, is arranged along an axis parallel to 
longitudinal axis X, and the filaments of this row are oriented at an acute 
angle Fl from longitudinal axis X in the surface plane, at an acute angle G 
5 from the surface of pad 32 in a plane defined by longitudinal axis 

X and normal axis Z, and at an acute angle HI from the surface in a plane 
defined by perpendicular axis Y and normal axis Z. A second row of 
resilient filaments, comprised of resilient filaments 47, is likewise arranged 
along an axis parallel to longitudinal axis X, and the filaments of this row are 

10 oriented at an acute angle F2 from longitudinal axis X in the surface plane, at 

an acute angle G from the surface of the pad 32 in a plane defined by 
longitudinal axis X and normal axis Z, and at an acute angle H2 from the 
surface in a plane defined by perpendicular axis Y and normal axis Z. The 
sum of acute angles Fl and F2 is less than 180 degrees. This arrangement of 

15 resilient filaments, when engaged with a vessel, will resist movement of the 

vessel relative to the pad 32 in either direction along perpendicular axis Y, 
and will also resist movement of the vessel relative to the pad 32 in one of 
two directions along longitudinal axis X. 

In the preferred embodiment, the angles Fl, F2, G, HI and H2 are 

20 between 30 to 60 degrees, most preferably approximately 45 degrees. The 

number of resilient filaments per row can be between 12 and 48, and is 
preferably 24. Also, it is preferable, though not necessary, that the filaments 
terminate at the same height M relative to the pad 32. 

Another embodiment of the pad 32 and attaching member 30 is 

25 depicted in FIG. 16. In this embodiment, resilient filaments 40 extend 

outward from a position where pad 32 attaches to member 30, at an acute 
angle relative to the surface of pad 32. Any acute angle relative to the 
surface will operate to resist relative movement of an occluded vessel, the 
preferred angle being 45 degrees. 

30 FIGS. 16-18A depict an embodiment of a particular arrangement of 

resilient filaments extending from between pad 32 and member 30 in two 
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sets, one on each side of pad 32. Each set of filaments is organized into two 
intersecting groups. The filaments of both groups extend from between pad 
32 and member 30 along a single plane. The filaments of each group are 
oriented parallel to one another and at an angle relative to the filaments of 
5 the other group. The preferred angle is a right angle. The planes defined by 

each set of filaments are oriented at an angle L relative to the surface of pad 
32. The preferred angle L is between 45 to 90 degrees, and is most 
preferably 45 degrees. This arrangement of filaments, when engaged with a 
vessel, will resist movement of the vessel in either direction relative to the 

10 length of the pad. When angle L is less than 90 degrees, the arrangement 

will also resist movement of an engaged vessel in a direction transverse to the 
length of the pad. 

As depicted in FIG. 18A, the distal ends of the filaments terminate at 
a position above the surface of pad 32. In an alternative embodiment 

15 depicted in FIG. 18C, the filaments terminate at a position below the surface 

of pad 32. In the preferred embodiment, the filaments terminate at a position 
sightly above the surface of pad 32. It is also preferable, although not 
necessary that the filaments terminate at the same height relative to the 
surface of pad 32. 

20 In the embodiment depicted in FIG. 18A, the filaments 40 are 

mounted between pad 32 and member 30 and extend outwardly on each side 
of pad 32. In the preferred embodiment there shown, member 30 has a 
channel with angled sides that accommodate the filaments 40. The pad 32 
has a bottom surface with a reciprocal shape to fit the channel of member 30. 

25 In alternative embodiments depicted in FIGS. 18B and 18C, member 30 has a 

channel with perpendicular sides. In these embodiments, pad 32 has a flat 
bottom surface and the filaments 40 are again accommodated between the 
bottom surface of pad 32 and the channel of member 30. In another 
alternative embodiment, as depicted in FIG. 18D, the pad is divided into 

30 upper and lower portions 32a and 32b, and filaments 40 are mounted 

between the portions and extend outwardly on each side of the pad. The 
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lower portion 32b preferably has a channel with angled sides for receiving 
the filaments 40 and the upper portion 32a, which has a reciprocally-shaped 
bottom surface, as depicted in FIG. 18D. 

The operation of the embodiment of the invention depicted in FIGS. 
5 16-18 is illustrated in FIG. 19. FIG. 19 illustrates upper and lower jaws 22 

and 24, and opposed members 30, 30 and opposed pads 32, 32 having 
resilient members mounted therebetween, in partial engagement with vessel 
V. The filaments have engaged the vessel V, as have the resilient surfaces of 
pads 32, 32 which have deflected to accommodate the vessel in atraumatic 
1 0 fashion. The abutment of some of the filaments against the vessel V creates 

a resistive force against movement of the vessel. In the alternative 
embodiment where the distal tips terminate below the surface of the pads, the 
pads engage vessel V first and deflect until the filaments also engage the 
vessel V. 

15 An alternative arrangement of filaments is depicted in FIGS. 20-22. 

In this embodiment, the filaments 40 are arranged in similar fashion to the 
embodiment depicted in FIG. 16. Two sets of filaments 40 extend from each 
side of the pad 32 and each set of filaments is organized into two groups 
oriented in a single plane with the filaments in each group oriented parallel to 

20 one another and at an angle to relative to the filaments of the other group, the 

preferred angle being a right angle. The filaments themselves, however, are 
mounted, and extend from, the base member 30 itself, as depicted in FIGS. 
20-22. In the preferred embodiment, the distal tips of the filaments terminate 
at a position above the surface of pad 32. In alternative embodiments, the 

25 tips terminate at a position even with or below the surface of the pad (see, 

e.g., FIG. 18C). The operation of this embodiment of the invention is 
depicted in FIG. 23 and is essentially identical in operation to that of the 
embodiment described above and depicted in FIGS. 16-19. 

The manufacture of resilient filaments and pads according to the 

30 invention can be accomplished in many ways, as will be apparent to one 

skilled in the art. One method of manufacture is illustrated in FIGS. 24-26. 
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As shown therein, filaments are secured in particular orientations along spines 
60, 62 and 64. These spines are arranged in interlocking fashion, as shown 
in FIG. 25, and then embedded into pad 32, as depicted in FIG. 26. In the 
preferred method, the arranged spines 60, 62 and 64 are secured in a mold, 
5 which is then filled with liquid injection moldable silicone or silicone foam, 

and the silicone is allowed to cure to form a pad 32 around the filaments. 

The embodiments of the invention described above and depicted in 
FIGS. 16-23 can be manufactured using a plastic weave, such as a nylon 
mesh or a polyester braid. The plastic weave is comprised of filaments 

1 0 useful in the present invention. A cylindrical sleeve of the weave is cut in 

half and one portion is heat treated in a mold to shape the weave into a form 
that will fit into the channel portion of member 30 as described above and 
depicted in FIGS. 18A-18C. The treated portion of the weave is then secured 
in the channel portion of member 30, preferably using an adhesive, together 

15 with pad 32. As described above, the pad itself is comprised of resilient 

material, preferably liquid injection moldable silicone or silicone foam. In an 
alternative manufacturing method, the pad 32 is placed within a cylindrical 
sleeve of the weave and both are bonded to member 30. The weave is then 
cut along its axis at or near the surface of pad 32. 

20 An alternative embodiment to the above embodiments containing two 

or three rows of resilient filaments is depicted in FIGS. 27 and 28. In this 
embodiment, three distinct regions, or strips, of multiple rows of fibers 46 
extend from pad 32 (having longitudinal and perpendicular axes, X and Y, as 
described above for FIG. 10-15). Each region or strip contains fibers which 

25 are oriented in the same general direction. The three distinct regions are 

oriented in similar fashion to the three rows of resilient filaments depicted in 
FIGS. 10-12. The fibers can be comprised of, for example, a synthetic fiir. 
The fibers are resilient enough to resist movement of a vessel which abuts 
against the tips of the fibers. This arrangement of fibers, when engaged with 

30 a vessel, will likewise resist movement of the vessel relative to pad 32 in 

either direction along perpendicular axis Y of pad 32, and will also resist 
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movement of the vessel in one of two directions along longitudinal axis X. 
The preferred method of making this embodiment of the invention is to glue 
or otherwise adhere resilient filaments to a suitable backing material, which is 
then secured to pad 32. 
5 FIG. 29 is a Weitlaner surgical retractor comprising a pair of opposed 

retracting arms 82 and 84 hinged together by pin 80. The distal ends of the 
retracting arms 86 and 88 terminate in retracting fingers 90, 90. The 
proximal ends of the arms terminate in finger and thumb rings 72 and 74 
which provide for manual operation of the retracting arms by a surgeon. The 

10 proximal ends of the arms also carry an arcuate rack 78 and locking pawl 76 

having interlocking ratchet teeth which engage to secure retracting arms 86 
and 88 in an open position when retracting tissue at a surgical incision site. 

The gripping elements of the retractor comprise base members 92 
having resilient filaments which extend from the surface of the base members 

15 92 at acute angles. Each base member 92 is securable to retracting fingers 

90. As shown in FIG. 30, base member 92 contains apertures 94 which are 
adapted to receive retracting fingers 90 formed on the arms 86, 88. As 
shown in FIG. 31, each base member 92 itself has a distal edge 96 and a 
proximal edge 98. 

20 As is the case with the surgical clamp discussed above, resilient 

filaments of base member 92 are comprised of a durable yet flexible material, 
such as nylon or polyester. The filaments cannot be so rigid that they 
puncture or otherwise traumatize the retracted tissue, but they must be of a 
strength and resiliency such that they resist a force in a direction opposed to 

25 the orientation of the filaments. The effective length of the filaments will 

depend on the length to diameter ratio of the filaments. Filaments that are 
too short and wide may puncture or traumatize the retracted tissue, whereas 
filaments too long and narrow may fold over upon themselves when a force 
is applied and will be unable to restrict relative movement of the retracted 

30 tissue. The preferred length of the filaments is 0.030 to 0.075 inches, most 

preferably 0.060 inches. The preferred diameter of the filaments is 0.005 to 
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0.012 inches, preferably 0.007 inches. Wider filaments can be used, provided 
they are sufficiently flexible. The ends or tips of the filaments themselves 
can comprise a variety of shapes, as depicted in FIGS. 32 and 33. For 
example, filament 101 has a rounded tip, filament 102 has an angled-cut tip, 
5 filament 103 has a blunt-cut tip, filament 104 has a pointed tip, and filament 

105 has a semi-rounded tip. Also, the filaments can be cylindrical 101-103, 
semi-cylindrical 105, or contain three sides 104 or more. The preferred 
filament is cylindrical with a rounded tip, as exemplified by filament 101. 
The surface of base member 92 can be of a resilient material, 

1 0 preferably silicone. The most preferred composition of the surface of base 

member 92 is two part silicone of less than a 20 durometer, liquid injection 
moldable (GE 6040) or a silicone foam such as GE RTF762. 

In the embodiment shown in FIGS. 29-31, some of the resilient 
filaments, comprised of resilient filaments 48, are oriented to resist movement 

1 5 of retracted tissue T relative to the base member 92 in the direction of distal 

edge 96. The surface of base member 92 defines a plane containing two 
axes, an axis X running the length of the base member 92 (longitudinal axis) 
and an axis Y oriented perpendicular to the axis X (perpendicular axis). A 
third axis Z intersects the plane in an orientation normal to the plane (normal 

20 axis). Resilient filaments 48 are oriented at an acute angle K from the 

surface of base member 92 in a plane formed by perpendicular axis Y and 
normal axis Z. Additional resilient filaments, comprised of resilient filaments 
49, are oriented at acute angles Jl and J2 from the surface of base member 
92 in a plane formed by longitudinal axis X and normal axis Z. This 

25 arrangement of resilient filaments, when engaged with retracted tissue, will 

resist movement of the tissue relative to the surface of base member 92 in 
either direction along longitudinal axis X, and will also resist movement of 
the tissue relative to the base member 92 along perpendicular axis Y in the 
direction towards distal edge 96. 

30 In the preferred embodiment, the angles Jl, J2, and K are between 

30-60 degrees, most preferably approximately 45 degrees, and the number of 
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rows of resilient filaments is 10. It is preferable, though not necessary, that 
the filaments terminate at the same height N relative to the surface 92. 

Although only certain embodiments have been illustrated and 
described, those having ordinary skill in the art will understand that the 
5 invention is not intended to be limited to the specifics of these embodiments, 

but rather is defined by the accompanying claims. 
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WE CLAIM: 

1. A surgical clamp comprising: 

first and second jaws mounted for movement toward and away from 
each other, said jaws having opposed surfaces; and, 

resilient filaments mounted on at least one of the jaws and extending 
therefrom at an acute angle relative to the opposed surface of at least one of 
the jaws for engagement with a vessel or other tissue received between the 
jaws when the jaws are moved toward one another, said filaments terminating 
in free distal ends for abutment against the vessel or other tissue to resist 
relative movement between the jaws and the vessel or other tissue. 

2. A surgical clamp according to claim 1 wherein said resilient 
filaments are mounted on the opposed surface of at least one of said jaws. 

3. A surgical clamp according to claim 1 wherein said filaments 
are resiliently deflectable to cushion the vessel or other tissue engaged 
thereby. 

4. A surgical clamp according to claim 1 wherein the filaments 
are monofilament and generally rectilinear. 

5. A surgical clamp according to claim 4 wherein the filaments 
have a length between 0.030 to 0.075 inches and a diameter between 0.005 to 
0.012 inches. 

6. A surgical clamp according to claim 4 wherein the filaments 
are cylindrical. 

1, A surgical clamp according to claim 4 wherein the filaments 
have at least three sides. 



WO 99/30623 



PCTYUS98/26765 



-20- 

8. A surgical clamp according to claim 4 wherein the filaments 
have tip shapes, said tip shapes selected from the group consisting of 
rounded, semi-rounded angled-cut, blunt-cut or pointed. 

9. A surgical clamp according to claim 8 wherein said tip shapes 
are rounded. 

10. A surgical clamp according to claim 1 wherein said jaws have 
distal ends and the filaments extend in directions which resist movement of a 
vessel or other tissue engaged thereby towards the distal ends of the jaws. 

11. A surgical clamp according to claim 1 wherein said jaws have 
distal ends and proximal ends and the filaments extend in directions which 
resist movement of a vessel or other tissue engaged thereby towards both said 
distal and proximal ends of the jaws. 

12. A surgical clamp according to claim 1 wherein said jaws have 
distal ends, proximal ends, and a length therebetween, and the filaments 
extend in directions which resist movement of a vessel or other tissue 
engaged thereby along a direction transverse to said length. 

13. A surgical clamp according to claim 10 wherein said resilient 
filaments are mounted on the opposed surface of at least one of said jaws, the 
opposed surface defining a plane having a longitudinal axis oriented parallel 
to the jaws and a normal axis extending perpendicularly from the plane, and 
wherein 

a group of said filaments extends at an angle from the opposed surface 
in a plane defined by the longitudinal axis and the normal axis. 

14. The surgical clamp of claim 13 wherein said angle is between 
30 to 60 degrees. 
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15. A surgical clamp according to claim 10 wherein said resilient 
filaments are mounted on the opposed surface of at least one of said jaws, the 
opposed surface defining a plane having a longitudinal axis oriented parallel 
to the jaws, a perpendicular axis within the plane and oriented perpendicular 
to the longitudinal axis, and a normal axis extending from the plane oriented 
perpendicular to both the longitudinal axis and the perpendicular axis, and 
wherein 

a first group of said filaments extends at a first angle from the 
opposed surface in a plane defined by the longitudinal axis and the 
normal axis, and 

a second group of said filaments extends at second angle from 
the opposed surface in a plane defined by the perpendicular axis and 
the normal axis. 

16. The surgical clamp of claim 15 wherein said first and second 
angles are between 30 to 60 degrees. 

17. A surgical clamp according to claim 15 wherein a third group 
of said filaments extends at a third angle from the opposed surface in a plane 
defined by the perpendicular axis and the normal axis in a direction opposed 
to the direction of said second group of said filaments relative to the 
perpendicular axis. 

18. The surgical clamp of claim 17 wherein said third angle is 
between 30 to 60 degrees. 

19. A surgical clamp according to claim 10 wherein said resilient 
filaments are mounted on the opposed surface of at least one of said jaws, the 
opposed surface defining a plane having a longitudinal axis oriented parallel 
to the jaws, a perpendicular axis within the plane oriented perpendicular to 
the longitudinal axis, and a normal axis extending from the plane oriented 
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perpendicular to both the longitudinal axis and the perpendicular axis, and 
wherein 

a first group of said filaments extends at a first angle from the 
opposed surface in a first plane defined by the normal axis and a first 
axis parallel to the plane of the opposed surface, and 

a second group of said filaments extends at a second angle 
from the opposed surface in a second plane defined by the normal axis 
and a second axis parallel to the plane of the opposed surface, and 

said first axis and said second axis intersect to form an 
intersection angle less than 180 degrees. 

20. The surgical clamp of claim 19 wherein said first and second 
angles are between 30 to 60 degrees. 

21. A surgical clamp according to claim 2 wherein said opposed 
surface of at least one of said jaws comprises resiliently deflectable material. 

22. A surgical clamp according to claim 21 wherein said resiliently 
deflectable material comprises silicone. 

23. A surgical clamp according to claim 11 wherein the opposed 
surface of at least one of said jaws comprises resiliently deflectable material 
for engagement with said vessel or other tissue when said jaws are moved 
toward one another. 

24. A surgical clamp according to claim 23 wherein the opposed 
surface of at least one of said jaws comprises silicone. 

25. A surgical clamp according to claim 23 wherein said filaments 
comprise a first group and a second group of filaments, said first group 
having filaments oriented parallel to one another and said second group 
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having filaments oriented parallel to one another and at an angle relative to 
the filaments of said first group. 

26. A surgical clamp according to claim 25 wherein said angle 
between filaments of said first and second groups is a right angle. 

27. A surgical clamp according to claim 25 wherein the opposed 
surface of at least one of said jaws defines a first plane and said first and 
second groups of filaments define a second plane, and wherein said first and 
second planes intersect to form an angle between 45-90 degrees. 

28. A surgical clamp according to claim 27 wherein said angle of 
intersection is 45 degrees. 

29. A surgical clamp according to claim 27 wherein said filaments 
terminate at a position below said first plane. 

30. A surgical clamp according to claim 27 wherein said filaments 
terminate at a position above said first plane. 

31. A surgical clamp according to claim 25 wherein said jaws 
further comprise a clamping member, said clamping member comprising 

means for attaching the clamping member to the jaws; and 
a clamp pad secured to said means wherein said clamp pad includes 
said opposed surface. 

32. A surgical clamp according to claim 31 wherein said means is 
a rigid member and said filaments are mounted between the rigid member 
and said clamp pad. 
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33. A surgical clamp according to claim 31 wherein said means is 
a rigid member and said filaments are mounted on the rigid member. 

34. A surgical clamp according to claim 31 wherein said clamp 
pad has an upper and a lower portion and said filaments are mounted between 
the upper and lower portions. 

35. A clamping member for attachment to a jaw of a surgical 
clamp comprising: 

a means for attaching the member to the jaw; and 
a clamp pad having a surface, said clamp pad having resilient 
filaments extending therefrom at an acute angle relative to said surface 
for engagement with a vessel or other tissue, said filaments 
terminating in free distal ends for abutment against a vessel or other 
tissue engaged by the clamp to resist relative movement between the 
clamp pad and the vessel or other tissue. 

36. A clamping member according to claim 35 wherein said 
resilient filaments extend from said surface. 

37. A clamping member according to claim 35 wherein said 
filaments are resiliently deflectable to cushion a vessel or other tissue 
engaged thereby. 

38. A clamping member according to claim 35 wherein the 
filaments are monofilament and generally rectilinear. 

39. A clamping member according to claim 38 wherein the 
filaments have a length between 0.030 to 0.075 inches and a diameter 
between 0.005 to 0.012 inches. 
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40. A clamping member according to claim 38 wherein the 
filaments are cylindrical. 

41. A clamping member according to claim 38 wherein the 
filaments have at least three sides. 

42. A clamping member according to claim 38 wherein the 
filaments have tip shapes, said tip shapes selected from the group consisting 
of rounded, semi-rounded, angled-cut, blunt-cut or pointed. 

43. A clamping member according to claim 42 wherein said tip 
shapes are rounded. 

44. A clamping member according to claim 35 wherein said 
resilient filaments extend from said surface and wherein said surface has a 
first end and a second end and the filaments extend in directions which resist 
movement of a vessel or other tissue engaged thereby towards said first end 
of the surface. 

45. A clamping member according to claim 35 wherein said 
resilient filaments extend from said surface and wherein said surface has a 
first end, a second end, and a length therebetween, and the filaments extend 
in directions which resist movement of a vessel or other tissue engaged 
thereby along a direction transverse to said length. 

46. A clamping member according to claim 44 wherein the surface 
has a length, and wherein the surface further defines a plane, the plane 
having a longitudinal axis oriented parallel to the length of the surface, and a 
normal axis extending perpendicularly from the plane, and wherein 

a group of said filaments extends at an angle from the surface in a 
plane defined by the longitudinal axis and the normal axis. 
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47. The clamping member of claim 46 wherein said angle is 
between 30 to 60 degrees. 

48. A clamping member according to claim 44 wherein the surface 
has a length, and wherein the surface further defines a plane, the plane 
having a longitudinal axis oriented parallel to the length of the surface, a 
perpendicular axis within the plane oriented perpendicular to the longitudinal 
axis, and a normal axis extending from the plane oriented perpendicular to 
both the longitudinal axis and the perpendicular axis, and wherein 

a first group of said filaments extends at a first angle from the 
surface in a first plane defined by the longitudinal axis and the normal 
axis, and 

a second group of said filaments extends at a second angle 
from the surface in a second plane defined by the perpendicular axis 
and the normal axis. 

49. The clamping member of claim 48 wherein said first and 
second angles are between 30 to 60 degrees. 

50. A clamping member according to claim 48 wherein a third 
group of said filaments extends at a third angle from the surface in a third 
plane defined by the perpendicular axis and the normal axis in a direction 
opposed to the direction of said second one or more of said filaments relative 
to the perpendicular axis. 

51. The clamping member of claim 50 wherein said third angle is 
between 30 to 60 degrees. 

52. A clamping member of claim 44 wherein the surface has a 
length, and wherein the surface further defines a plane, the plane having a 
longitudinal axis oriented parallel to the length of the surface, a perpendicular 



WO 99/30623 



PCT/US98/26765 



-27- 

axis within the plane oriented perpendicular to the longitudinal axis, and a 
normal axis extending from the plane oriented perpendicular to both the 
longitudinal axis and the perpendicular axis, and wherein 

a first group of said filaments extends at a first angle from the 
surface in a first plane defined by the normal axis and a first axis 
parallel to the plane of the surface, and 

a second group of said filaments extends at a second angle 
from the surface in a second plane defined by the normal axis and a 
second axis parallel to the plane of the surface, and 

said first axis and said second axis intersect to form an 
intersection angle less than 180 degrees. 

53. The clamping member of claim 52 wherein said first and 
second angles are between 30 to 60 degrees. 

54. A clamping member of claim 36 wherein said surface 
comprises resiliency deflectable material. 

55. A clamping member of claim 54 wherein said resiliently 
deflectable material comprises silicone. 

56. A clamping member according to claim 35 wherein said clamp 
pad has a first end and a second end and said filaments extend in directions 
which resist movement of a vessel or other tissue engaged thereby towards 
both said first and second ends. 

57. A clamping member according to claim 56 wherein said 
surface comprises a resiliently deflectable material for engagement with said 
vessel or other tissue when said jaws are moved toward one another. 
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58. A clamping member according to claim 57 wherein said 
surface comprises silicone. 

59. A clamping member according to claim 57 wherein said 
filaments comprise a first group and a second group of filaments, said first 
group having filaments oriented parallel to one another and said second group 
having filaments oriented parallel to one another and at an angle relative to 
the filaments of said first group. 

60. A clamping member according to claim 59 wherein said angle 
between filaments of said first and second groups is a right angle. 

61. A clamping member according to claim 59 wherein said 
surface defines a first plane and said first and second groups of filaments 
define a second plane, and wherein said first and second planes intersect to 
form an angle between 45-90 degrees. 

62. A clamping member according to claim 61 wherein said angle 
of intersection is 45 degrees. 

63. A clamping member according to claim 61 wherein said 
filaments terminate at a position below said first plane. 

64. A clamping member according to claim 61 wherein said 
filaments terminate at a position above said first plane. 

65. A clamping member according to claim 59 wherein said means 
is a rigid member and said filaments are mounted between the rigid member 
and said clamp pad. 
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66. A clamping member according to claim 59 wherein said means 
is a rigid member and said filaments are mounted on the rigid member. 

67. A surgical clamp according to claim 59 wherein said clamp 
pad has an upper and a lower portion and said filaments are mounted between 
the upper and lower portions. 

68. A tissue retractor comprising resilient filaments mounted on a 
base member and extending therefrom at an acute angle for engagement with 
tissue to be retracted, said filaments terminating in free distal ends disposed 
for abutment against the tissue to resist relative movement between the base 
member and the tissue. 

69. A tissue retractor according to claim 68 wherein said filaments 
are resiliently deflectable to cushion tissue engaged thereby. 

70. A tissue retractor according to claim 68 wherein the filaments 
are monofilament and generally rectilinear. 

71. A tissue retractor according to claim 70 wherein the filaments 
have a length between 0.030 to 0.075 inches and a diameter between 0.005 to 
0.012 inches. 

72. A tissue retractor according to claim 70 wherein the filaments 
are cylindrical. 

73. A tissue retractor according to claim 70 wherein the filaments 
have at least three sides. 
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74. A tissue retractor according to claim 70 wherein the filaments 
have tip shapes, said tip shapes selected from the group consisting of 
rounded, semi-rounded, angled-cut, blunt-cut or pointed. 

75. A tissue retractor according to claim 74 wherein said tip shapes 
are rounded. 

76. A tissue retractor according to claim 68 wherein said base 
member has a distal edge and the filaments extend in directions which resist 
movement of tissue engaged thereby towards said distal edge of the base 
member. 

77. A tissue retractor according to claim 76 wherein said base 
member has a length and the filaments extend in directions which resist 
movement of tissue engaged thereby along an axis parallel to said length. 

78. A tissue retractor according to claim 68 wherein said base 
member comprises resiliently deflectable material. 

79. A tissue retractor according to claim 78 wherein said resiliently 
deflectable material comprises silicone. 

80. A base member for attachment to a retracting arm of a tissue 
retractor comprising: 

a means for attaching the member to the arm; and 
a surface including resilient filaments extending therefrom at 
an acute angle for engagement with tissue to be retracted, said 
filaments terminating in free distal ends disposed for abutment against 
the tissue to resist relative movement between the base member and 
the tissue. 
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81. A base member according to claim 80 wherein said filaments 
are resiliently deflectable to cushion the tissue engaged thereby. 

82. A base member according to claim 80 wherein the filaments 
are monofilament and generally rectilinear. 

83. A base member according to claim 82 wherein the filaments 
have a length between 0.030 to 0.075 inches and a diameter between 0.005 to 
0.012 inches. 

84. A base member according to claim 82 wherein the filaments 
are cylindrical. 

85. A base member according to claim 82 wherein the filaments 
have at least three sides. 

86. A base member according to claim 82 wherein the filaments 
have tip shapes, said tip shapes selected from the group consisting of 
rounded, semi-rounded, angled-cut, blunt-cut or pointed. 

87. A base member according to claim 86 wherein said tip shapes 
are rounded. 

88. A base member according to claim 80 wherein said base 
member has a distal edge and the filaments extend in directions which resist 
movement of tissue engaged thereby towards said distal edge. 

89. A base member according to claim 88 wherein said base 
member has a length and the filaments extend in directions which resist 
movement of tissue engaged thereby along an axis parallel to said length. 
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90. A base member according to claim 80 wherein said base 
member has a surface, said surface comprising resiliently deflectable material. 

91. A base member according to claim 90 wherein said resiliently 
deflectable material comprises silicone. 

5 92. A method of atraumatically occluding a vessel or other tubular 

structure comprising the steps of: 

positioning the vessel or other tubular structure between 
opposed members having opposed surfaces, said opposed members 
having resilient filaments mounted thereon and extending therefrom at 
10 an acute angle relative to said surfaces and terminating in free distal 

ends, and 

moving said opposed members toward one another such that 
said filaments engage the vessel or other tubular structure and the free 
distal ends abut against the vessel or other tubular structure to resist 
15 relative movement between the members and the vessel or other 

tissue. 

93. The method of claim 92 wherein said resilient filaments are 
mounted on the opposed surface of at least one of said members. 

94. The method of claim 92 wherein the opposed members are 
20 secured to the jaws of a surgical clamp. 

95. The method of claim 92 wherein the filaments are 
monofilament and generally rectilinear. 

96. The method of claim 95 wherein the filaments have a length 
between 0.030 to 0.075 inches and a diameter between 0.005 to 0.012 inches. 
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97. The method of claim 95 wherein the filaments are cylindrical. 

98. The method of claim 95 wherein the filaments have at least 
three sides. 

99. The method of claim 95 wherein the filaments have tip shapes, 
said tip shapes selected from the group consisting of rounded, semi-rounded, 
angled-cut, blunt-cut or pointed. 

100. The method of claim 99 wherein said tip shapes are rounded. 

101. The method of claim 92 wherein each of said members has a 
first end and a second end and the filaments extend in directions which resist 
movement of a vessel or other tissue engaged thereby towards said first end. 

102. The method of claim 92 wherein each of said members has a 
first end, a second end, and a length therebetween, and the filaments extend 
in directions which resist movement of a vessel or other tissue engaged 
thereby along a direction transverse to said length. 

103. The method of claim 101 wherein said resilient filaments are 
mounted on the opposed surface of at least one of said numbers and wherein 
the surface has a length, and wherein the surface further defines a plane, the 
plane having a longitudinal axis oriented parallel to the length of the surface, 
and a normal axis extending perpendicularly from the plane, and wherein 

a group of filaments extends at an angle from the surface in a plane 
defined by the longitudinal axis and the normal axis. 

104. The method of claim 103 wherein said angle is between 30 to 
60 degrees. 
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105. The method of claim 101 wherein said resilient filaments are 
mounted on the opposed surface of at least one of said members and wherein 
the surface has a length, and wherein the surface further defines a plane, the 
plane having a longitudinal axis oriented parallel to the length of the surface, 
5 a perpendicular axis within the plane oriented perpendicular to the 

longitudinal axis, and a normal axis extending from the plane oriented 
perpendicular to both the longitudinal axis and the perpendicular axis, and 
wherein 

a first group of said filaments extends at a first angle from the 
10 surface in a first plane defined by the longitudinal axis and the normal 

axis, and 

a second group of said filaments extends at a second angle 
from the surface in a second plane defined by the perpendicular axis 
and the normal axis. 

15 106. The method of claim 105 wherein said first and second angles 

are between 30 to 60 degrees. 

107. The method of claim 105 wherein a third group of said 
filaments extends at a third angle from the surface in a third plane defined by 
the perpendicular axis and the normal axis in a direction opposed to the 

20 direction of said second one or more of said filaments relative to the 

perpendicular axis. 

108. The method of claim 107 wherein said third angle is between 
30 to 60 degrees. 

109. The method of claim 101 wherein said resilient filaments are 
25 mounted on the opposed surface of at least one of said members and wherein 

the surface has a length, and wherein the surface further defines a plane, the 
plane having a longitudinal axis oriented parallel to the length of the surface, 



WO 99/30623 



PCT/US98/26765 



-35- 

a perpendicular axis within the plane oriented perpendicular to the 
longitudinal axis, and a normal axis extending from the plane oriented 
perpendicular to both the longitudinal axis and the perpendicular axis, and 
wherein 

a first group of said filaments extends at a first angle from the 
surface in a first plane defined by the normal axis and a first axis 
parallel to the plane of the surface, and 

a second group of said filaments extends at a second angle 
from the surface in a second plane defined by the normal axis and a 
second axis parallel to the plane of the surface, and 

said first axis and said second axis intersect to form an 
intersection angle less than 180 degrees. 

110. The method of claim 109 wherein said first and second angles 
are between 30 to 60 degrees. 

111. The method of claim 92 wherein said members comprise 
resiliently deflectable material. 

112. The method of claim 111 wherein said resiliently deflectable 
material comprises silicone. 

113. The method of claim 92 wherein said members have first ends 
and second ends and the filaments extend in directions which resist 
movement of a vessel or other tissue engaged thereby towards both said first 
and second ends. 

114. The method of claim 113 wherein said opposed surfaces 
comprise resiliently deflectable material that engage said vessel or other tissue 
during said moving step. 
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115. The method of claim 114 wherein said opposed surfaces 
comprise silicone. 

116. The method of claim 114 wherein said filaments comprise a 
first group and a second group of filaments, said first group having filaments 
oriented parallel to one another and said second group having filaments 
oriented parallel to one another and at an angle relative to the filaments of 
said first group. 

117. The method of claim 116 wherein said angle between filaments 
of said first and second groups is a right angle. 

118. The method of claim 116 wherein said opposed surface defines 
a first plane and said first and second groups of filaments define a second 
plane, and wherein said first and second planes intersect to form an angle 
between 45-90 degrees. 

119. The method of claim 118 wherein said angle of intersection is 
45 degrees. 

120. The method of claim 118 wherein said filaments terminate at a 
position below said first plane. 

121. The method of claim 118 wherein said filaments terminate at a 
position above said first plane. 

122. The method of claim 116 wherein at least one of said opposed 
members further comprises a rigid member and a clamp pad and wherein said 
clamp pad includes said opposed surface. 
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123. The method of claim 122 wherein said filaments are mounted 
between said rigid member and said clamp pad. 

124. The method of claim 122 wherein said filaments are mounted 
on the rigid member. 

125. The method of claim 122 wherein said clamp pad has an upper 
and a lower portion and said filaments are mounted between the upper and 
lower portions. 

126. A method of atraumatically retracting tissue comprising the 
steps of 

positioning opposed retracting surfaces in proximity to tissue to 
be retracted, said retracting surfaces having resilient filaments 
mounted thereon and extending therefrom at an acute angle and 
terminating in free distal ends, and 

moving said surfaces away from one another such that said 
filaments engage the tissue and the free distal ends abut against the 
tissue to resist relative movement between the surfaces and the tissue. 

127. The method of claim 126 wherein the opposed surfaces 
comprise base members securable to the retracting arms of a surgical 
retractor. 

128. The method of claim 126 wherein the filaments are 
monofilament and generally rectilinear. 

129. The method of claim 128 wherein the filaments have a length 
between 0.030 to 0.075 inches and a diameter between 0.005 to 0.012 inches. 

130. The method of claim 128 wherein the filaments are cylindrical. 
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131. The method of claim 128 wherein the filaments have at least 
three sides. 

132. The method of claim 128 wherein the filaments have tip 
shapes, said tip shapes selected from the group consisting of rounded, semi- 
rounded, angled-cut, blunt-cut or pointed. 

133. The method of claim 132 wherein said tip shapes are rounded. 

134. The method of claim 126 wherein said base member has a 
distal edge and the filaments extend in directions which resist movement of 
tissue engaged thereby towards said distal edge of the base member. 

135. The method of claim 134 wherein said base member has a 
length and the filaments extend in directions which resist movement of tissue 
engaged thereby along an axis parallel to said length. 

136. The method of claim 126 wherein said base member comprises 
resiliency deflectable material. 

137. The method of claim 136 wherein said resiliently deflectable 
material comprises silicone. 
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